Alpha-amylase, glucoamylase and cellulase were immobilized onto calcium alginatewaste clay (alg-WC) beads by using encapsulation technique. The clay was obtained from palm oil mill clay bath processing waste that was collected from FELDA Serting Hilir Palm Oil Mill, Malaysia. The aim of this study is to characterize and investigate the performance of waste clay as a supporting material for the tapioca starch hydrolysis. The encapsulated enzymes were characterized by using analytical equipment such as Fourier Transform Infrared Spectroscopy (FTIR) and Field Emission Scanning Electron Microscopy (FESEM). The FTIR results showed the interaction of functional groups between alginate and waste clay in the alg-WC beads. The alginate beads characterized at peaks 1615 cm -1 , 1417 cm -1 and 1027 cm -1 , and peaks 1396 cm -1 , 873 cm -1 and 712 cm -1 characterized the waste clay. The FESEM analysis also revealed that the different surface morphology of alginate beads and alg-WC beads. It also showed that the enzymes were successfully encapsulated within the alg-WC beads. The activity of the immobilized enzymes was studied at different clay concentrations. The highest immobilization yield was obtained at 2% (w/v) of clay concentration and the highest enzyme loading was 98.29 %. The immobilized enzymes also retained 33% of its activity after seven usage cycle with 1 hour of each reaction time.
Introduction
Immobilization of enzymes is now a widely used approach for obtaining reusable derivatives of enzymes. It offers advantages over the free enzyme system in the possibility of running enzymatic reactions continuously, rapid termination of the reactions, controlled product formation and ease of the enzyme removal from the reaction mixture [1] . Encapsulation is one of the immobilization technique, defined as a process by which the enzymes are packaged or enclosed physically or chemically within a matrix or semi-permeable membrane layer [2, 3] . There are many natural polymers that are usually used as a carrier for enzyme encapsulation such as carrageenan, chitosan and starch, but alginate is the most common [4] . Alginate beads are one of the most commonly used supports for the enzyme immobilization due to its several advantages. It has a good biocompatibility, low cost, easy availability and ease of separation [5] . But, there are few disadvantages of using the alginate beads, such as gel degradation, severe mass transfer limitations, low mechanical strength and large pore size which can causing the high enzymes leakage from the beads [5, 6] . In order to increase the stability of the enzymes within the beads, alginate can be blended to the inorganic support such as clay [7, 8] . In recent years, clay mineral has been used as a supporting material for immobilization of enzymes [9] . It is due to the several advantages of the clay such as high surface area, high mechanical strength, chemically inert, thermally stable and low price [10, 11] .
Thus, in the present study, the enzymes (alpha-amylase, cellulase and glucoamylase) were immobilized on the waste clay via encapsulation technique. The clay was blended with the alginate to form an alginate waste clay (alg-WC) beads. The effect of different clay concentration on the immobilization yield was evaluated and the reusability of the encapsulated enzymes was also studied. The characterizations of the beads produced were performed by using Fourier Transform Infrared (FTIR) Spectroscopy and Field Emission Scanning Electron Microscopy (FESEM).
Materials and Methods
Materials. Enzymes (alpha-amylase, glucoamylase and cellulase) were purchased from MP Biomedicals (United States). Other reagents and chemicals used were of analytical grade and obtained either from Sigma or Merck. Tapioca slurry was used as a substrate. The waste clay sample was obtained from clay bath palm oil mill effluent (CB-POME) from FELDA Serting Hilir Palm Oil Mill, Negeri Sembilan, Malaysia.
Waste Clay Recovery. Soxhlet extraction was carried out to remove the residual oil from the waste clay that was collected from the clay bath palm oil mill effluent. 50ml of fresh waste clay was poured in a beaker and dried in an oven for 24 hours. Dried clay sample was weighed and placed into filter paper extraction thimble and then inserted into a 500 ml reflux flask. The extraction was carried out using 300 ml of hexane as a solvent at 150˚C. The extraction was terminated after 8 hours and the hexane was removed by left in the oven at 103˚C in order to collect the clay. Enzyme Immobilization. Exactly 2.5g of waste clay (WC) was dissolved in 100 ml of pH 6 buffer and stirred for 1 hour at room temperature. Then, 2.5 g of sodium alginate was added to the clay solution and stirred for 1 hour. Next, 2 ml of glycerol (Sigma-Aldrich) was added to the alginateclay solution. 2 % w/v of alginate-WC solution is produced by adding 3 ml of enzymes solution (1 ml of each enzymes: glucoamylase, cellulase and alpha-amylase) into 12 ml of alginate-clay solution (the total volume of alginate-WC and enzymes mixture is 15 ml). The mixture was taken into a syringe beads were formed by dropping the solution into 0.2 M calcium chloride (CaCl 2 ) solution. The formed beads were allowed to harden for 3 hours at room temperature. The beads were dried using filter paper and washed several times with distilled water. The filtered calcium chloride solution was collected for loading efficiency as well as enzyme activity determination [1] .
where C i is the initial protein concentration, V i is the initial volume of enzyme solution, C f is the protein concentration in total filtrate and V f is the total volume of the filtrate.
Determination of Enzyme Activity and Protein Content.
The amount of protein before and after immobilization was determined by Lowry's procedure modified by Hartree using bovine serum albumin as a standard [12] . The activity of enzymes was measured by using spectrophotometer at 540 nm and using 3,5-dinitrosalycyclic acid (DNS) as an indicator.
Determination of Enzyme Immobilization Yield. The immobilization yield was defined as the yield for enzyme which was immobilized in the calcium alginate beads and expressed by the following equation:
where a imm is specific activity of immobilized enzyme (mmol/(min mg protein)) and a free is the specific activity of free enzyme (mmol/(min mg protein)).
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Reusability of Encapsulated Enzymes. In order to investigate the effect of immobilization on reusability of the enzyme in the alginate-WC beads, the beads after each cycle of 1 hour reaction time at 50˚C was washed with buffer and placed again in fresh tapioca slurry for the next cycle. The residual activity of each cycle was calculated by taking the enzyme activity of the first cycle as 100%.
Characterization of Alginate-WC Beads. The beads were characterized by Fourier Transform Infrared (FTIR) and Field Emission Scanning Electron Microscopy (FESEM).
Results and Discussions
Characterization studies The FTIR study discovered the functional groups of waste clay, alginate beads and alg-WC beads as shown in Figure 1 . The broad peaks observed at 3270 cm -1 was due to OH stretching. The peaks appearing at 1615 cm -1 and 1417 cm -1 refer to asymmetric and symmetric stretching vibrations of free carboxyl groups, respectively. The peak at 1027 cm -1 was attributed to the stretching of C-O-C [3] . The characteristic peaks for WC shows the presence of calcite at 1396 cm -1 , 873 cm -1 and 712 cm -1 . The presence of calcite indicates that this sample was mainly composed with calcium [13] .
When the waste clay was added, the OH stretching peak in alginate at 3270 cm -1 shifted to the higher wavelength in alg-WC beads at 3307 cm -1 . This indicates the formation of hydrogen bonding between the silanol groups on the surface of the WC. The next peak observed, showing the incorporation of WC and alginate, was a COOstretching peak in alginate at 1615cm -1 and 1417 cm -1 shifted to the higher wavenumbers of 1631 cm -1 and 1419 cm -1 in alg-WC beads. This results indicated the electrostatic interaction of the carboxyl group of sodium alginate with the positive charge in WC [14] . Thus, the FTIR study confirmed the interaction between the alginate and WC. The differences in surface morphologies of waste clay, alginate beads and alg-WC beads were investigated using FESEM (Figure 2) . The enzymes were successfully encapsulated onto the alginate beads and alg-WC beads which can be seen clearly in the images (as marked with white a b c color arrows) as shown in Figure 2b and 2c. It was found that the alginate beads have different structure compared to alg-WC beads. Figure 2b showed that the alginate beads having a smooth structure. Some of the literature also reported that the alginate beads surface had some pores which cause of the enzyme leakage [15] . After waste clay was added, some modification of the external structure of alg-WC beads occurred. The external surface becomes rough and tight as shown in Figure 2 which indicates the clay has affected the surface morphology of the alginate beads. The structure modifications formed a physical barrier by waste clay which can prevent or reduce the leakage of the enzymes from the beads and keep its activity as reported in previous study [15] .
Enzyme Immobilization
The result of loading efficiency and immobilization yield at different clay concentration is shown in Figure 3 . From the figure, it was observed that loading efficiency obtained was more than 90% for all clay concentration (Figure 3a) . The higher clay concentration has improved the enzyme loading efficiency progressively. The increase in loading efficiency of enzyme with high clay concentration may be due to the stronger and tightly beads formation. The best yield was obtained was 72.73% at 2% (w/v) of clay concentration. The immobilization yield was slightly decreased as the clay concentration increased. The decreased in activity of the encapsulated enzymes in the clay beads is due to the diffusion limitation of the substrate to react with the enzymes [15] .
(a) (b) Fig. 3 Enzyme loading and immobilization yield at different concentration of clay
Reusability of WC-beads Supporting Material
The reusable of enzyme preparation is the main advantage in the enzyme immobilization system [16] . Reusability of enzyme is a key factor for its cost effective industrial use. Figure 4 indicates the activity of the immobilized enzymes for the alginate beads and alginate-clay beads after several cycles. The reusability of immobilized enzymes on alginate beads and alg-WC beads were studied up to five and seven cycles, respectively. The soft surface of the alginate gel might be mainly reason of the high enzyme leakage from the alginate gel beads [15] . The other reasons of the leakage might be due to the damage of the alginate beads during the repeated use [17] . As shown in Figure 4 , the activity of the immobilized enzymes in alginate-clay beads was decreased to approximately 35 % of its original activity over seven cycles. 
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Achievements in Engineering Sciences Fig. 4 Comparison of reusability on alginate and alginate-clay beads in tapioca slurry hydrolysis
Conclusions
The enzyme activity during starch hydrolysis has been studied by using waste clay obtained from the clay bath in palm oil mill as a supports at different clay concentrations. The results obtained showed that the enzymes were successfully encapsulated within the alg-WC beads and proved the suitability of waste clay as a supporting material. The highest immobilization yield obtained was 72.73% at 2% (w/v) of clay concentration with enzyme loading efficiency of 93.6%. The increase in clay concentration also increased the enzymes loading efficiency, but decreased the immobilization yield. This can be explained due to the diffusion limitation phenomenon between the substrate and the enzymes. The results of reusability experiment also revealed that the encapsulated enzymes retained 33% of its activity after seven cycles of usage. The FTIR analysis showed that there was a strong interaction between the functional groups of waste clay and alginate. This was confirmed by the FESEM analysis which showed the differences in surface characteristics of alginate beads and alg-WC beads. 
